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1. INTRODUCTION 

In accordance with your request and authorization, we have performed a limited geotechnical 

evaluation for the proposed NRG El Segundo Power Redevelopment Project located at 301 Vista 

Del Mar in El Segundo, California (Figure 1). We understand that the proposed project includes 

the design and construction of a combined cycle power project consisting of two gas-fired com-

bustion turbine/generators, a steam turbine generator and support facilities including 

transformers, storage tanks, and control room/administrative facilities. The purpose of our lim-

ited evaluation was to assess the suitability of the site for the proposed improvements from a 

geotechnical perspective. This report presents our preliminary geotechnical findings, conclu-

sions, and recommendations regarding the proposed structures. 

2. SCOPE OF SERVICES 

Our scope of services included the following: 

• Project coordination and review of readily available background materials pertaining to the 
project, including geologic maps and literature, stereoscopic aerial photographs, and in-
house information. 

• Review of boring logs prepared by previous consultants. 

• Attendance at an on-site meeting with the client and the representatives of the NRG El Se-
gundo Operations, Inc., to discuss various issues related to subsurface exploration. 

• Geotechnical site reconnaissance to observe the general site conditions, to select and mark 
the proposed cone penetration test (CPT) sounding locations, and to coordinate with Under-
ground Service Alert for utility clearance. 

• Subsurface exploration consisting of ten CPT soundings to depths ranging from approxi-
mately 8 to 26 feet below the existing ground surface. Hand-augering was performed at each 
CPT location to a depth of about 5 feet below the surface, and bulk soil samples were col-
lected for laboratory testing. 

• Laboratory soil corrosivity testing of selected soil samples. 

• Compilation and geotechnical analyses of the field and laboratory data. 

206954001 R Lim Geo.doc 1



NRG El Segundo Power Redevelopment Project November 10, 2006 
El Segundo, California Project No. 206954001 
 

• Preparation of this report presenting our findings, conclusions, and preliminary recommen-
dations regarding the geotechnical aspects of design and construction of the proposed 
improvements. 

3. SITE DESCRIPTION & BACKGROUND  

The site for the proposed project is located within the existing NRG El Segundo Power Plant at 

301 Vista Del Mar in El Segundo, California (Figure 1). The proposed project will be constructed 

within the area and footprint of the existing decommissioned Unit 1 and 2 Power Plants, which 

are scheduled to be demolished. The subject site is situated on relatively level terrain near the 

southern end of El Segundo Beach. The site is currently at an elevation of approximately 19.5 

feet above mean low level water (MLLW). 

The site for the proposed gas and steam turbine units and the related structures is roughly rectan-

gular in shape, and is surrounded by a garage and propane storage structure to the west, a 

warehouse to the north, an administrative building and associated at-grade parking to the east, 

the existing Unit 3 Power Plant to the south, and Pacific Ocean to the west. Vista Del Mar is lo-

cated approximately 250 feet to the east of the site, atop an approximately 1¾:1 (horizontal to 

vertical) slope, at elevations of approximately 74 to 83 feet above MLLW. The existing im-

provements on site consist of asphalt paved driveways, parking lots, and lawn areas. 

Woodward-Clyde Consultants installed four monitoring wells within the site in 1997 and 1998. 

One of the installed wells is located to the west and two are located to the southwest of the pro-

posed area of redevelopment. The depths of the wells ranged from approximately 30½ to 76 feet 

below the existing ground surface. The boring logs for these monitoring wells were provided to 

Ninyo & Moore by Stone & Webster, Inc.  

4. PROPOSED CONSTRUCTION 

The Engineering Services Scope of Work provided by Stone & Webster, Inc., indicates that the 

proposed improvements will consist of two gas-fired combustion turbine/generators, a steam tur-

bine generator and support facilities including transformers, storage tanks, and control 
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room/administrative facilities. We understand that the gas turbine and steam turbine generator 

will be located within the area and footprint of the presently decommissioned Unit 1 and 2 Power 

Plants. The layout of the turbines has not yet been finalized. The structural loads of the turbines 

and related improvements were not available at the time of preparation of this report.  

5. SUBSURFACE EVALUATION AND LABORATORY TESTING 

Our subsurface exploration at the subject site was performed on October 11 and 12, 2006, and 

consisted of ten CPT soundings to depths ranging from approximately 8 to 26 feet below the ex-

isting grade. The CPT operations were performed by Holguin, Fahan & Associates, Inc., of 

Orange, California. The CPT locations were selected by Stone & Webster, Inc.. The approximate 

locations of the CPT soundings are shown on Figure 2. At each CPT location, hand-augering was 

performed to a depth of approximately 5 feet below the ground surface. The CPT soundings were 

observed by a representative from our firm, and bulk soil samples were obtained from the hand-

augered portions of the CPT holes for laboratory testing. The CPT sounding logs are presented in 

Appendix A. Laboratory testing of representative soil samples was performed to evaluate soil 

corrosivity. The corrosivity test results are presented in Appendix B. 

6. GEOLOGY AND SUBSURFACE CONDITIONS 

6.1. Regional Geology 

The site for the proposed improvements is located within the Los Angeles Basin, which is 

bounded on the north by the Transverse Ranges geomorphic province (Norris and Webb, 

1990). The Los Angeles Basin has been divided into four blocks, which are generally sepa-

rated by prominent fault systems: the northwestern block, the southwestern block, the 

central block, and the northeastern block. The project area is located within the southwestern 

block, which is bounded on the east by the onshore segment of the Newport-Inglewood 

Fault Zone. The southwestern block includes anticlinal and synclinal structural features 

within the basement rocks that are overlain by younger sedimentary rocks and alluvium. 
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The Los Angeles Basin is traversed by several major active faults as shown on the Fault Lo-

cation Map (Figure 3). The Palos Verdes and Newport-Inglewood fault zones are major 

active faults within the southwestern block of the Los Angeles Basin. Our review of geo-

logic literature indicates that a segment of the Palos Verdes fault is located about 3 miles the 

southwest of the site. The on-shore segment of the Newport-Inglewood fault is located ap-

proximately 6 miles to the northeast of the site. 

6.2. Site Geology 

Based on our review of stereoscopic aerial photographs and pertinent geologic maps, the site 

is underlain by Holocene-age alluvial and dune deposits consisting of silty sand and sand. 

Our review of the logs of previous exploratory borings prepared by Woodward-Clyde Con-

sultants indicates the presence of fill material to depths of up to approximately 2 feet below 

the existing ground surface on parts of the site. The results of our CPT soundings indicate 

that fill and alluvial soils generally consist of alternating layers of medium dense to very 

dense sand, clayey sand, silty sand, gravelly sand and sandy silt and firm to hard, clayey silt 

and silty clay to the explored depths. More detailed descriptions of the subsurface soils are 

presented on the CPT sounding logs in Appendix A. 

6.3. Groundwater 

Groundwater was encountered in our CPT holes at depths of approximately 11 to 13 feet 

below the ground surface. Fluctuations in groundwater levels may, however, occur due to 

tidal fluctuations, variations in precipitation, ground surface topography, subsurface 

stratification, local irrigation, and other factors which may not have been evident at the time 

of our field evaluation. 

7. FAULTING AND SEISMICITY 

Based on our review of referenced geologic maps and stereoscopic aerial photographs, the 

ground surface in the vicinity of the subject site is not mapped as being transected by any known 

active or potentially active fault; therefore, the potential for surface fault rupture is considered to 
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be low. The site is not located within a State of California Earthquake Fault Zone (Alquist-Priolo 

Special Studies Zone, Hart and Bryant, 1997). However, the subject site is located in a seismi-

cally active area, as is the majority of southern California, and the potential for strong ground 

motion at the site is considered significant. Figure 3 shows the approximate site location relative 

to the major faults in the region. The nearest known active fault is the Palos Verdes fault located 

approximately 3 miles southwest of the site. 

Table 1 lists selected principal known active faults that may affect the subject site, the maximum 

moment magnitude Mmax as published for the California Geological Survey (CGS) by Cao et al. 

(2003), and the type of fault as defined in Table 16A-U of the California Building Code (CBC, 

2001). The approximate fault to site distances were calculated by the computer program 

FRISKSP developed by Blake (2001a). 

Table 1 – Principal Active Faults 

Fault Approximate Fault to 
Site Distance in miles (km) 

Maximum Moment 
Magnitude1 (Mmax) 

Fault 
Type2

Palos Verdes 3.2 (5.1) 7.3 B
Newport-Inglewood (L.A. Basin) 6.2 (10.0) 7.1 B
Santa Monica 9.5 (15.3) 6.6 B
Malibu Coast 10.6 (17.1) 6.7 B
Hollywood 12.3 (19.8) 6.4 B
Puente Hills Blind Thrust 12.6 (20.3) 7.1 B
Northridge 17.0 (27.3) 7.0 B
Verdugo 20.4 (32.9) 6.9 B
Sierra Madre 24.9 (40.1) 7.2 B
San Andreas – 1857 Rupture 47.8 (76.9) 7.4 A
Notes: 
1 Cao et al. 2003. 
2 CBC, 1997; Cao et al., 2003. 

 

The principal seismic hazards at the subject site are surface ground rupture, ground shaking, 

seismically induced liquefaction, and various manifestations of liquefaction-related hazards (e.g., 

dynamic settlements and lateral spreading). A brief description of these hazards and the potential 

for their occurrences on site are discussed in the following sections. 
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7.1. Ground Rupture 

The probability of damage from surface ground rupture is low due to the lack of known ac-

tive faults directly underlying the subject site or its vicinity. Surface ground cracking related 

to shaking from distant events is not considered a significant hazard, although it is a possi-

bility. 

7.2. Ground Motion 

Our evaluation of the ground shaking hazard included review of a probabilistic seismic haz-

ard assessment that consisted of statewide estimates of peak horizontal ground accelerations 

conducted for California (Peterson, et al., 1996). In addition, for the purposes of evaluating 

seismically induced geotechnical hazards at the site, a site-specific probabilistic seismic 

hazard analysis was performed to evaluate anticipated peak ground accelerations (PGAs) us-

ing the computer program FRISKSP developed by Blake (2001a). A probabilistic analysis 

incorporates uncertainties in time, recurrence intervals, size, and location (along faults) of 

hypothetical earthquakes. This method thus accounts for likelihood (rather than certainty) of 

occurrence and provides levels of ground acceleration that might be more reasonably hy-

pothesized for a finite exposure period. FRISKSP calculates the probability of occurrence of 

various ground accelerations at a site over a period of time and the probability of exceeding 

expected ground accelerations within the lifetime of the proposed structures from the sig-

nificant earthquakes within a specific radius of search. For the present case, a search radius 

of 62 miles (100 kilometers) was selected. The earthquake magnitudes used in this program 

are based on the current CGS fault model. 

The published guidelines of CGS (2004) define a PGA with a 10 percent probability of ex-

ceedance in 50 years as the Design Basis Earthquake (PGADBE) ground motion, and this 

value is typically used for residential, commercial and industrial structures. The PGA with a 

10 percent probability of exceedance in 100 years is defined as the Upper Bound Earthquake 

(PGAUBE) ground motion and is used for public schools, hospitals and other essential facili-

ties in California. The statistical return periods for the PGADBE and PGAUBE are 

approximately 475 and 949 years, respectively. 
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In evaluating the seismic hazards associated with the subject site, we have considered a PGA 

that has a 10 percent probability of being exceeded in 50 years (i.e., PGADBE) and used an 

attenuation relation proposed by Boore, et al. (1997) for soil Type D (with an average shear 

wave velocity of 250 meters per second). The PGADBE for the site was calculated as 0.39g 

when weighted to an earthquake magnitude of 7.5. The PGADBE increases to 0.47g when no 

magnitude weighting factor is considered in probabilistic seismic hazard analysis. These es-

timates of ground motion do not include near-source factors that may be applicable in the 

design of structures on site. 

7.3. Liquefaction 

Liquefaction is the phenomenon in which loosely deposited, saturated, granular soils (lo-

cated below the water table) with clay contents (particles less than 0.005 mm) of less than 

15 percent, liquid limit of less than 35 percent, and natural moisture content greater than 

90 percent of the liquid limit undergo rapid loss of shear strength due to development of ex-

cess pore pressure during strong earthquake-induced ground shaking. Ground shaking of 

sufficient duration results in the loss of grain-to-grain contact due to a rapid rise in pore wa-

ter pressure, and it eventually causes the soil to behave as a fluid for a short period of time. 

Liquefaction is known generally to occur in saturated or near-saturated cohesionless soils at 

depths shallower than 50 feet below the ground surface. Factors known to influence lique-

faction potential include composition and thickness of soil layers, grain size, relative density, 

groundwater level, degree of saturation, and both intensity and duration of ground shaking. 

Based on our review of the State of California Seismic Hazards Zones map (CDMG, 1999), 

the subject site is not located in a mapped liquefaction hazard zone, but is located approxi-

mately 200 feet from an area mapped as being susceptible to liquefaction during a seismic 

event. A preliminary liquefaction evaluation of subsurface soils was performed during this 

study using the CPT sounding results and considering a historic high groundwater level at a 

depth of 5 feet below the existing grade. The liquefaction analysis was based on the NCEER 

procedure (Youd and Idriss, 1997) developed from the methods originally recommended by 

Seed and Idriss (1982) using the computer program LIQUEFY2 (Blake, 2001b). A magni-
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tude-weighted PGADBE of 0.39g was used in our analysis for an earthquake magnitude 

of 7.5. Our liquefaction analysis indicates that some of the granular soil layers located below 

the historic high groundwater level may liquefy during the design seismic event to a depth of 

approximately 15 feet below the ground surface. However, the potential for liquefaction or 

liquefaction related hazards is considered low within the footprint of the proposed project. 

7.4. Dynamic Settlement of Saturated Soils 

The phenomenon of soil liquefaction may result in several hazards including liquefaction-

induced settlement. In order to estimate the amount of post-earthquake settlement, the 

method proposed by Tokimatsu and Seed (1987) is generally used in which the seismically 

induced cyclic stress ratios and corrected blow counts (N-values) are correlated to the volu-

metric strain of the soil. The amount of soil settlement during a strong seismic event depends 

on the thickness of the liquefiable layers and the density and/or consistency of the soils. 

A post-earthquake dynamic ground settlement of approximately 1¾ inches is estimated to 

occur in relatively saturated soils located below the groundwater to a depth of approximately 

15 feet. Based on the guidelines presented in CDMG Special Publication 117 (1997), we es-

timate that differential settlement on the order of 1 inch or less may occur over a horizontal 

distance of 15 feet. The dynamic settlement magnitudes may vary across the site; however, 

the estimates presented here should be considered preliminary and conservative.  

7.5. Ground Subsidence 

Based on the design curves developed by Ishihara (1995) and considering the thickness of 

the non-liquefiable near-surface layers overlying the liquefiable soil layers, the potential for 

ground subsidence, sand boils and/or seismically induced bearing failure is considered to be 

moderate if the proposed improvements are to be constructed at the present grade. In the 

event the site grade for the proposed improvements is raised, the potential for ground subsi-

dence will be reduced. 
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7.6. Lateral Spreading 

Lateral spreading of the ground surface during an earthquake usually takes place along weak 

shear zones that have formed within a liquefiable soil layer. Lateral spread has generally 

been observed to take place in the direction of a free-face (i.e., retaining wall, slope, chan-

nel) but has also been observed to a lesser extent on ground surfaces with gentle slopes. An 

empirical model developed by Bartlett and Youd (1995, revised 1999) is typically used to 

predict the amount of horizontal ground displacement within a site. For sites located in prox-

imity to a free-face, the amount of lateral ground displacement is strongly correlated with 

the distance of the site from the free-face. Other factors such as earthquake magnitude, dis-

tance from the earthquake epicenter, thickness of the liquefiable layers, and the fines content 

and particle sizes of the liquefiable layers also affect the amount of lateral ground displace-

ment. Based on the relative density of the potentially liquefiable soil layers, the site is not 

considered susceptible to seismically induced lateral spread. 

8. CONCLUSIONS 

Based on our limited evaluation of soil and geologic conditions at the site, the proposed project 

is feasible from a geotechnical perspective. There are no known geotechnical conditions that 

would preclude the proposed construction provided the recommendations of this report and ap-

propriate construction practices are followed. In general, the following conclusions were made 

based on our limited evaluation: 

• The site is underlain by fill and alluvial soils generally consisting of alternating layers of 
medium dense to very dense sand, clayey sand, silty sand, gravelly sand and sandy silt and 
firm to hard, clayey silt and silty clay to the explored depths.  

• Groundwater was encountered at a depth of about 11 to 13 feet below the surface at the time 
of our CPT sounding. Groundwater should be anticipated and planned for by the contractor 
during construction of deeper foundation elements for the proposed structures. 

• The fill and alluvial soils should be generally excavatable with earthmoving equipment in 
good working condition. 
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• We estimate a peak ground acceleration (PGADBE) of 0.39g for an earthquake magnitude of 
7.5 at the subject site that has a 10 percent probability of being exceeded in 50 years. We 
also estimate a PGADBE of 0.47g when no magnitude weighting factor is applied.  

• The subsurface soils are susceptible to liquefaction during the design seismic event. Our 
analysis indicates that some of the granular soil layers to a depth of approximately 15 feet 
below the existing grade could liquefy during the design seismic event. 

• A post-earthquake dynamic ground settlement of approximately 1¾ inches is estimated to 
occur in relatively saturated soils located below the groundwater to a depth of approximately 
15 feet. We estimate that differential settlement on the order of 1 inch or less may occur over 
a horizontal distance of 15 feet. 

• The potential for ground subsidence, sand boils and/or seismically induced bearing failure is 
considered to be relatively moderate. In the event the site grade for the proposed improve-
ments is raised, the potential for ground subsidence will be reduced. 

• Liquefaction-induced lateral spread is not expected at the proposed site. 

• The site is not located within a State of California Earthquake Fault Zone (Alquist-Priolo 
Special Studies Zone). Based on our review of published geologic maps and aerial photo-
graphs, no known active or potentially active faults underlie the site. The potential for 
surface fault rupture at the site is considered to be low. 

9. RECOMMENDATIONS 

In the following sections, we provide preliminary geotechnical recommendations for the design 

and construction of the proposed project. These recommendations are based on our limited 

evaluation of the site geotechnical conditions and our understanding of the planned development. 

Further subsurface evaluation should be performed within the project area following demolition 

of the Unit 1 and 2 Power Plants. Ninyo & Moore should be contacted for this additional evalua-

tion. Based on the findings from this evaluation, recommendations presented below may be 

modified and/or expanded.   

9.1. Earthwork 

Based on our understanding of the project, the majority of the earthwork at the site is ex-

pected to consist of excavation of the underlying earth materials for removal of underground 

foundations and utilities and backfilling with compacted sand and structural fill for the con-
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struction of the new structures. Other earthwork performed at the site may include trenching 

for pipelines and various utilities, as well as minor grading for the new asphalt concrete 

pavement and surface drainage. Earthwork should be performed in accordance with the rec-

ommendations presented in the following sections and the requirements of the applicable 

governing agencies. 

9.1.1. Construction Plan Review and Pre-Construction Conference 

We recommend that the grading and foundation plans be submitted to Ninyo & Moore 

for review to check for conformance to the recommendations provided in this report. 

We further recommend that a pre-construction conference be held in order to discuss the 

grading recommendations presented in this report. The owner and/or their representa-

tive, the civil engineer, Ninyo & Moore, and the contractor should be in attendance to 

discuss the work plan, project schedule, and earthwork requirements. 

9.1.2. Site Preparation 

Prior to excavation and placement of fill, the foundation bearing area for critical struc-

tures should be cleared of existing structures, pavements, abandoned utilities (if 

present), and stripped of rubble, debris, vegetation, any loose, wet, or otherwise unsta-

ble soils, as well as surface soils containing organic material. Obstructions that extend 

below the finished grade, if any, should be removed and the resulting holes filled with 

compacted soil. Materials generated from the clearing operations that are unsuitable for 

reuse and engineered backfill material should be removed from the site and disposed of 

at a legal dumpsite away from the project area. 

9.1.3. Excavation Characteristics 

Our evaluation of the excavation characteristics of the on-site materials at the subject 

site is based on the results of our CPT soundings and our experience with similar mate-

rials. In our opinion, the on-site fill and alluvial soils should be generally excavatable 

with heavy-duty earthmoving equipment in good working condition. 
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9.1.4. Treatment of Foundation Soils 

The near-surface fill and/or alluvial soils are not considered suitable for structural foun-

dation support. We recommend that the fill and alluvial soils be removed to a depth of 

3 feet below the bottom of the planned lowest foundation bottom elevation and replaced 

with generally granular compacted structural fill with a very low to low expansion po-

tential (i.e., an expansion index [EI] of less than 50 as evaluated in accordance with 

UBC Standard 18-2 [ICBO, 1997]). The base of the overexcavation should extend 3 feet 

plus the depth of the removal beyond the structural areas. The extent of and depths to 

which the fill and alluvial soils are to be removed for the proposed structures should be 

evaluated by the authorized geotechnical engineer in the field based on the materials 

exposed. Any unsuitable materials such as organic matter or oversized material should 

be selectively removed and disposed of offsite. 

9.1.5. Temporary Excavations 

We recommend that trenches and excavations be designed and constructed in accor-

dance with Occupational Safety and Health Administration (OSHA) regulations. These 

regulations provide trench sloping and shoring design parameters for trenches up to 

20 feet deep based on the soil types encountered. Trenches over 20 feet deep should be 

designed by the contractor’s engineer based on site-specific geotechnical analyses. For 

planning purposes, we recommend that fill and alluvium be considered as OSHA soil 

type C. 

Temporary excavations should be constructed in accordance with OSHA recommenda-

tions. For trench or other excavations, OSHA requirements regarding personnel safety 

should be met by using appropriate shoring (including trench boxes) or by laying back 

the slopes no steeper than 1.5:1 (horizontal to vertical) in fill and alluvium. Temporary 

excavations that encounter seepage may need shoring or may be stabilized by placing 

sandbags or gravel along the base of the seepage zone. Excavations encountering seep-

age should be evaluated on a case-by-case basis. On-site safety of personnel is the 
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responsibility of the contractor. Recommendations for temporary shoring can be pro-

vided, if requested. 

9.1.6. Fill Material 

In general, the on-site soils are considered suitable for reuse as fill. On-site and import 

fill soils should be free of trash, debris, roots, vegetation, or deleterious materials. Fill 

should generally be free of rocks or hard lumps of material greater than approximately 

4 inches in diameter. Rocks or hard lumps larger than about 4 inches in diameter should 

be broken into smaller pieces or should be removed from the site. Imported materials 

should consist of clean, granular material with a very low to low expansion potential, 

corresponding to an EI of 50 or less. Import materials should also be non-corrosive in 

accordance with the Caltrans (2003) corrosion guidelines. Import material should be 

submitted to the project geotechnical consultant for review prior to importing to the site. 

The contractor should be responsible for the uniformity of import material brought to 

the site. 

9.1.7. Fill Placement and Compaction 

Prior to placement of compacted fill, the contractor should request an evaluation of the 

exposed ground surface by the authorized geotechnical engineer. Unless otherwise rec-

ommended, the exposed ground surface should then be scarified to a depth of 

approximately 12 inches and moisture conditioned, as needed, to achieve moisture con-

tents generally near the optimum moisture content. The scarified materials should then 

be compacted to a relative compaction of at least 90 percent as evaluated in accordance 

with American Society for Testing and Materials (ASTM) test method D 1557. The 

evaluation of compaction by the authorized geotechnical  engineeer should not be con-

sidered to preclude any requirements for observation or approval by governing 

agencies. It is the contractor's responsibility to notify the authorized geotechnical engi-

neer and the appropriate governing agency when the project area is ready for 

observation, and to provide reasonable time for that review. 
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Fill materials should be moisture conditioned to near the laboratory optimum moisture 

content prior to placement. The optimum moisture content will vary with material type 

and other factors. Moisture conditioning of fill soils should be generally consistent 

within the soil mass. 

Prior to placement of additional compacted fill material following a delay in the grad-

ing operations, the exposed surface of previously compacted fill should be prepared to 

receive fill. Preparation may include scarification, moisture conditioning, and recom-

paction. 

Compacted fill should be placed in horizontal lifts of approximately 8 inches in loose 

thickness. Prior to compaction, each lift should be moisture conditioned as needed to 

achieve a moisture content near the laboratory optimum, mixed, and then compacted by 

mechanical methods, using vibratory compactors, multiple-wheel pneumatic-tired roll-

ers or other appropriate compacting rollers, to a relative compaction of at least 

90 percent as evaluated by ASTM D 1557. Successive lifts should be treated in a like 

manner until the desired finished grades are achieved. 

9.1.8. Pipe Bedding and Modulus of Soil Reaction 

It is our recommendation that the new pipelines, where constructed in open excava-

tions, be supported on 6 or more inches of granular bedding material. Granular pipe 

bedding should be provided to distribute vertical loads around the pipe. Bedding material 

and compaction requirements should be in accordance with this report or in accordance 

with specification and placement requirements by the pipe supplier. Pipe bedding should 

have a Sand Equivalent (SE) of 30 or greater, and be placed around the sides and the 

crown of the pipe. In addition, the pipe bedding material should extend 1 foot or more 

above the crown of the pipe. Bedding material and compaction requirements should be 

in accordance with the recommendations of this report, the project specifications, and 

applicable requirements of the appropriate governing agency. 
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The modulus of soil reaction is used to characterize the stiffness of soil backfill placed 

at the sides of buried flexible pipes for the purpose of evaluating deflection caused by 

the weight of the backfill over the pipe (Hartley and Duncan, 1987). A soil reaction 

modulus of 1,000 pounds per square inch (psi) may be used for an excavation depth of 

up to about 5 feet when backfilled with granular soil compacted to a relative compac-

tion of 90 percent or more as evaluated by the ASTM D 1557. A soil reaction modulus 

of 1,300 psi may be used for trenches deeper than 5 feet. 

9.1.9. Trench Backfill 

Based on our subsurface evaluation, the on-site soils should be generally suitable for re-

use as trench backfill provided they are free of organic material, clay lumps, debris, and 

rocks greater than approximately 4 inches in diameter. We recommend that trench back-

fill materials be in conformance with the “Greenbook” (Standard Specifications for 

Public Works) specifications for structure backfill. Fill should be moisture-conditioned 

to generally above the laboratory optimum. Trench backfill should be compacted to a 

relative compaction of 90 percent as evaluated by the latest edition of ASTM D 1557 

except for the upper 12 inches of the backfill which should be compacted to a relative 

compaction of 95 percent as evaluated by the latest edition of ASTM D 1557. Lift 

thickness for backfill will depend on the type of compaction equipment utilized, but fill 

should generally be placed in lifts not exceeding 8 inches in loose thickness. Special 

care should be exercised to avoid damaging the pipe during compaction of the backfill. 

9.2. Slope Stability 

A qualitative evaluation of the stability of the existing easterly ascending slope (located 

approximately 200 feet from the project site) was performed during this study. Based on our 

review of the available geologic data, subsurface information and our observation of the 

slope area and the pavement conditions along Vista Del Mar, the subject slope does not 

show signs of global instability. The slope is densely vegetated and indications are that it has 

been adequately maintained. Signs of surficial instability or erosion were not visible on the 

slope face during our geotechnical reconnaissance of the site. The retaining wall located at 
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the toe of the slope was also observed to be in good condition, and did not show signs of 

movement or instability. We, however, recommend that NRG’s maintenance history of this 

slope, if any, be made available to Ninyo & Moore so that further assessment regarding its 

stability can be made. 

9.3. Seismic Design Considerations 

Design of the proposed improvements should comply with design for structures located in 

Seismic Zone 4 in accordance with applicable jurisdictions and building codes, and the stan-

dard practices of the Structural Engineers Association of California. A soil profile factor of 

SD may be utilized in the CBC (2001) seismic design. Additional CBC seismic design pa-

rameters are provided in Table 2. 

Table 2 – 2001 California Building Code Seismic Recommendations 

2001 CBC Seismic Design Factor Value 
Seismic Zone Factor, Z 0.4 
Seismic Source Type* B 
Near Source Factor, Na 1.2 
Near Source Factor, Nv 1.5 
Soil Profile Type SD

Seismic Coefficient, Ca 0.53 
Seismic Coefficient, Cv 0.93 

* Faults are designated as Type A, B or C, depending on maximum moment magnitude and slip rates (Ta-
ble 16A-U of CBC, 2001). 

9.4. Structural Foundations 

Relatively shallow, conventional continuous and/or isolated wall and column footings or 

mat foundations may be considered for the proposed structures. A mat foundation will be 

particularly suitable for settlement-sensitive structures. A mat foundation may also be 

considered for supporting the relatively heavy gas turbine/generator and HRSG units and the 

steam turbine/generator unit. The structural foundations should be underlain by a 3-foot-

thick engineered fill mat or a gravel base course consisting of ¾-inch gravel in accordance 

with “Greenbook” specifications for structure backfill. The extent of overexcavation and 

recompaction of foundation subgrade materials should be reevaluated by the authorized 
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geotechnical engineer upon demolition and removal of the existing structural elements on 

site. Recommendations for foundation bearing capacity, settlement and lateral earth 

pressures should be provided following such reevaluation. 

9.5. Underground Utilities 

Sufficient tolerance should be incorporated in designing underground utility lines and shut-

off valves to mitigate distress resulting from seismically induced differential and/or total 

settlements. Flexible joints with adequate yield should be used, wherever possible, in order 

to maintain the serviceability of these utilities during the design seismic event. 

9.6. Corrosion 

Laboratory testing was performed to evaluate soil pH, electrical resistivity, water-soluble 

chloride content, and water-soluble sulfate content of near-surface soil samples. The soil pH 

and electrical resistivity tests were performed in general accordance with California Test 

Method 643. Chloride content tests were performed in general accordance with California 

Test Method 422. Sulfate content tests were performed in general accordance with Califor-

nia Test Method 417. The laboratory test results are presented in Appendix B. 

The results of the corrosivity testing indicated electrical resistivity ranging from approxi-

mately 3,820 to 4,090 ohm-cm, soil pH of 7.3 to 7.4, chloride contents varying between 80 

and 190 parts per million (ppm) and sulfate content ranging from approximately 0.020 to 

0.021 percent (i.e., 200 to 210 ppm). Based on the Caltrans (2003) criteria, the project site 

would not be classified as corrosive, which is defined as a site having soils with more than 

500 ppm of chlorides, more than 0.2 percent sulfates or a pH less than 5.5.  

9.7. Concrete Design 

Concrete in contact with soil or water that contains high concentrations of water-soluble sul-

fates can be subject to premature chemical and/or physical deterioration. The soil samples 

tested in this evaluation indicated water-soluble sulfate contents ranging from about 0.020 to 
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0.021 percent by weight (i.e., 200 to 210 ppm). Based on the CBC criteria, the potential for 

sulfate attack is negligible for water-soluble sulfate contents in soils ranging from 

0.00 percent to 0.10 percent by weight (0 ppm to 1,000 ppm), indicating that the on-soils 

may be considered to have a negligible potential for sulfate attack. Therefore, based on CBC 

criteria, Type II cement may be used for concrete construction. The concrete should have a 

water-cement ratio no higher than 0.45 by weight for normal weight aggregate concrete and 

a 28-day compressive strength of 4,000 pounds per square inch (psi) or more. 

10. LIMITATIONS 

The limited field evaluation, laboratory testing, and preliminary geotechnical analyses presented 

in this report have been conducted in general accordance with current practice and the standard 

of care exercised by geotechnical consultants performing similar tasks in the project area. No 

warranty, expressed or implied, is made regarding the conclusions, recommendations, and opin-

ions presented in this report. There is no evaluation detailed enough to reveal every subsurface 

condition. Variations may exist and conditions not observed or described in this report may be 

encountered during construction. Uncertainties relative to subsurface conditions can be reduced 

through additional subsurface exploration. Additional subsurface evaluation will be performed 

upon request. Please also note that our evaluation was limited to assessment of the geotechnical 

aspects of the project, and did not include evaluation of structural issues, environmental con-

cerns, or the presence of hazardous materials. 

This document is intended to be used only in its entirety. No portion of the document, by itself, is 

designed to completely represent any aspect of the project described herein. Ninyo & Moore 

should be contacted if the reader requires additional information or has questions regarding the 

content, interpretations presented, or completeness of this document. 

This report is intended for planning purposes only. It does not provide sufficient data to prepare 

an accurate bid by contractors. It is suggested that the bidders and their geotechnical consultant 

perform an independent evaluation of the subsurface conditions in the project areas. The inde-

pendent evaluations may include, but not be limited to, review of other geotechnical reports 
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prepared for the adjacent areas, site reconnaissance, and additional exploration and laboratory 

testing. 

Our conclusions, recommendations, and opinions are based on an analysis of the observed site 

conditions. If geotechnical conditions different from those described in this report are encoun-

tered, our office should be notified, and additional recommendations, if warranted, will be 

provided upon request. It should be understood that the conditions of a site could change with 

time as a result of natural processes or the activities of man at the subject site or nearby sites. In 

addition, changes to the applicable laws, regulations, codes, and standards of practice may occur 

due to government action or the broadening of knowledge. The findings of this report may, there-

fore, be invalidated over time, in part or in whole, by changes over which Ninyo & Moore has no 

control. 

This report is intended exclusively for use by the client. Any use or reuse of the findings, conclu-

sions, and/or recommendations of this report by parties other than the client is undertaken at said 

parties’ sole risk. 
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Source Scale Date Flight Numbers 

USDA 1:20,000 11-19-53 AXJ-14K 73 & 74 
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APPENDIX A 

CPT SOUNDING LOGS 
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APPENDIX B 

LABORATORY TESTING RESULTS 

Soil Corrosivity Tests 
Soil pH and resistivity tests were performed on two representative near-surface samples collected 
from hand-augered portions of the CPT holes in general accordance with CT 643. The sulfate 
and chloride contents of the selected samples were evaluated in general accordance with CT 417 
and CT 422, respectively. The test results are presented on Figure B-1. 
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